Introduction
The majority of empirical models of monetary policy follow the Taylor (1993) rule due to its simplicity in approximating monetary policy decisions. According to Rotemberg and Woodford (1999) and Rudebusch and Svensson (1999) , simple feedback rules achieve good results in simulated small macroeconomic models. Clarida et al. (2000) provide international evidence of empirical studies that have shown that the Taylor type policy specifications are consistent with the historical behavior of monetary policy setting at many central banks. This paper conjectures that the monetary policy decisions in South Africa can be described within the general form of
Taylor type monetary policy reaction functions in that the South African Reserve Bank has a mandate to achieve and maintain price stability in the interest of balanced and sustainable economic growth. The South African Reserve Bank moved from a constant money supply growth rate rule that prevailed since 1986 to monetary policy that was based on the official repurchase rate since 1998. These policies were followed by central bank independence and the introduction of inflation targeting in 2000 where the inflation target was set at 3 to 6 percent.
Uncertainty is generally accepted to be a fundamental and an integral part of monetary policy decision making. The concept of uncertainty in monetary policy practice was coined by Brainard (1967) and hence the Brainard's attenuation principle. This principle hypothesizes that uncertainty dampens the monetary authorities' response to the target variables of monetary policy compared to when monetary policy decisions are made under complete certainty or certainty equivalence. The former Federal Reserve Chairman, Greenspan (2003) , contends that "Uncertainty is not just an important feature of the monetary policy landscape, it is the defining characteristic of that landscape" and the former European Central Bank, President, Trichet (2011), further adds that "Operating in an uncertain environment is common business for central banks." Thus empirical and theoretical formulations of monetary policy must take into account the quantitative relevance of uncertainty because it is a constant feature of monetary policy practice.
There is a large body of literature on the quantitative significance of imperfect knowledge of the state of the economy and forward looking indicators, noisy and uncertain data and the measurement issues for monetary policy. These include Svensson (1999) , Peersman and Smets (1999) , Estrella and Mishkin (2000) , Orphanides et al. (2000) , Rudebusch (2001) , Ehrmann and Smets (2003) and Martin and Milas (2009) who present evidence in support of the seminal Brainard (1967) attenuation principle. On the contrary, Giannoni (2002) and Sonderstrom (2002) , among others, have presented evidence that supports an aggressive reaction of monetary policy under uncertainty. The theoretical underpinning of the monetary policy rules that address these issues can also be found in Woodford (2003, 2004) The first contribution of this paper is to appraise the impact of uncertainty about the state of the economy on monetary policy in South Africa. This is achieved following Woodford (2003, 2004) and Swanson (2004) on the optimal weights on indicators in models of monetary policy with partial information about the state of the economy. The theoretical framework is borrowed from Svensson's (1997) model of expected inflation targeting and Swanson's (2004) model of monetary policy with signal extraction about the unobservable state of the economy. This framework posits that indicator variables such as inflation and output are used to make inference about the unobservable state of the economy for monetary policy purposes. The optimal weights on the indicators variables of the model are related to the volatilities surrounding these indicator variables as usual in a signal extraction problem. As such, when monetary policy affects the state of the economy, the optimal response to the imperfect observation of the state of the economy depends on the volatilities surrounding the indicator variables leading to non-certainty equivalence. This is contrary to the Taylor type monetary policy rules that exhibit certainty equivalence in that monetary policy is independent of all higher moments of the target variables given the expected values of the state variables of the economy.
The second contribution of this paper is to augment the monetary policy reaction function with the index of financial market conditions similar to one proposed by Montagnoli and Napolitano (2005) and Castro (2011) as one of the indicator variables of the unobservable true state of the economy. This is important because one of the primary goals of the South African Reserve Bank is to protect the value of the currency and to achieve and maintain financial stability as defined in the Constitution. The recent financial crisis has also heightened the concern by central banks over the maintenance of financial stability and has aroused their interest in the behavior of certain asset prices and measures of credit risk. Cecchetti et al. (2000) propose that monetary policy rules should be augmented with some measure of the misalignments in asset prices, whereas Bernanke and Gertler (2001) argue against this, citing the difficulties present in the estimation of such misalignments. Rudebusch (2002) also raises the issue of an omitted variables problem by pointing out that the significance of interest rate persistence in the policy rule could be due to omitting a financial spread variable from the estimated regression. English et al. (2003) and Gerlach-Kirsten (2004) find that inclusion of a financial spread reduces the empirical importance of interest rate smoothing, while Estrella and Mishkin (1997) , among others, analyse the influence of the term structure variable in policy rules.
The next section outlines the model. Section 3 is the data description. The empirical results are discussed in section 4. Section 5 is the conclusion.
Model specification
The central bank's monetary policy design problem is a targeting rule where the monetary authorities minimize a loss function subject to the constraints given by the structure of the economy. The empirical model combines the elements of Svensson's (1997) model of inflation forecast targeting with the models that are drawn from the theoretical literature on optimal monetary policy when there is uncertainty about the true state of the economy, most prominently, Woodford (2003, 2004) and Swanson (2004) . The model is augmented with asset prices to account for the conditions in financial markets following Cecchetti et al. (2000) who presented the view that monetary policy reaction functions should be augmented with financial variables to account for the misalignments in asset prices. Such extensions to the monetary policy reaction function have also been considered by Gertler (2000, 2001) , Alexandre and Baçao (2005) as well as Castro (2011) , among others.
Structure of the economy with financial markets
The aggregate demand equation is given by 
where y is the output gap and X is the state of the economy. The output gap is a function of lagged output following Svensson (1997) and the contemporaneous state of the economy.
According to Woodford (2003, 2004) , the state of the economy represents a measure of overall excess demand. y ε is the demand shock and its implied variance measures the uncertainty about the output gap. Alexandre and Baçao (2005) add an ad hoc term with financial markets to the aggregate demand equation to incorporate the wealth effects. This is a shortcut as shown by Cecchetti et al. (2000) . This paper argues that the state of the economy variable is able to capture the wealth effects and the conditions in financial markets.
The Phillips curve is given by
where π is the inflation rate. The Inflation rate is affected by lagged inflation and the state of the economy in the previous period. π ε is the supply shock and its implied variance measures the uncertainty about the inflation rate.
The equation for the financial markets is given by
where z is an index of financial conditions. The index of financial conditions is a function of lagged financial market conditions and the contemporaneous state of the economy. It should be noted that equation (3) is usually obtained from a standard dividend model of asset pricing which gives asset prices as a function of the expected future dividends incorporated into the expected asset price and the real interest rate as in Alexandre and Baçao (2005) . z ε is the shock to the financial markets and its implied variance measures the uncertainty about the conditions in financial markets.
The state of the economy is given by ( ) Svensson and Woodford (2003 , 2004 ) and Swanson (2004 together with developments in the financial markets following Cecchetti et al. (2000) , among others. However, the expanded model leaves the proposition that the interest rate affects inflation with a two-period lag by Svensson (1997) intact. In this model, the interest rate affects the state of the economy with a one-period lag, while the state of the economy affects inflation with another one-period lag.
Optimal monetary policy under observable state of the economy
The optimal policy rule is solved following Svensson (1997) where the policy maker's problem is to minimise the loss function subject to the constraints given by the structure of the economy.
The policy maker chooses the current and future interest rates assuming that the central bank has full information on the relevant data and full knowledge of all model parameters up to time t . The period loss function is given by
where δ is the discount factor. Equation (5) 
Using equations (2) and (4) 
where ˆt i is the desired nominal interest rate.
Optimal monetary policy under unobservable state of the economy
In the event that the monetary authorities do not observe the state of the economy, the monetary authorities must infer the expectation of the state of the economy given available information. Swanson (2004) developed a model where the expectation of the unobservable state of the economy can be expressed as a function of the observable variables describing the structure of the economy, in this case X , π , y and z , since they are jointly normally distributed. Therefore, inflation, the output gap and financial market conditions are used in forming the optimal predictor of the unobservable state of the economy as follows ( ) Substituting (8) into (7) achieves the following optimal monetary policy rule in terms of the
Where 
Empirical model
The optimal monetary policy reaction function in equation (9) can be re-written as Allowing for interest rate smoothing following Clarida et al. (2000) and Woodford (2003) 
where,
. The fitted value of equation (11) 
Contribution of uncertainty to the interest rate
The gap between the estimated and the counterfactual monetary policy, ˆc 
The reduced form structure of the economy
The relationships that describe the structure of the economy in equations (1), (2) and (3) depend on the unobservable state of the economy hence they need to be expressed in terms of observable variables. Therefore, substituting equation (4) into (1) In the same manner, the aggregate supply depends on the unobserved state of the economy so that substituting (1) into (2) achieves (14), (15) and (16) 
Data description
Monthly data ranging from January 2000 to December 2011 is used in the analysis and it is sourced from the South African Reserve Bank. The 91-day Treasury bill rate measures the nominal interest rate. The Treasury bill rate is preferred over the official policy rate, the repurchase rate, because of its reasonable variation over time. The Treasury bill rate is also commonly used as a proxy for the official policy rate, for example, in Nelson (2003) Therefore, a value of 1 represents a 1 standard deviation difference from the mean value in 2000. Castro (2011) uses time-varying weights based on the extended model of Rudebusch and Svensson (1999) . However, the standardization is preferred because the index is consistent with the movements in the financial markets in South Africa.
The evolution of main variables is presented in Figure 1 and the variables' descriptive statistics in Table 1 Table 2 . The counterfactual monetary policy reaction function is certainty equivalent because the interest rate is independent of all higher moments of inflation, the output gap and financial conditions. The preferred specification allows for a lead of 4 months on inflation and 2 months on the output gap and financial conditions, respectively. The model with the repurchase rate as a measure of the interest rate was estimated. 1 1 However, the results are not satisfying, perhaps due to the lack of variability of this variable. The Akaike Information Criterion (AIC) for the model with the repurchase rate reported a value of 0.82 compared to 0.56 for the model with the 3 month Treasury bill rate as a measure of the interest rate, which is what we report in the paper.
Empirical results

Generalised method of moments (GMM) is used in the estimation
According to the results, the weight on financial markets conditions suggests that the monetary authorities take into account the changes in the financial markets when setting the interest rate since the null hypothesis 0 : 0 z H ρ = is rejected at 1.00 percent level of significance, which is consistent with the recent findings in the South African literature in Naraidoo and Paya (2012) and Kasaï and Naraidoo (2013) . The results also show that the monetary authorities increase interest rates by about 1.04 percent and 0.58 percent for a 1.00 percent increase in inflation and the output gap, respectively. The results are consistent with the Taylor requirement that the monetary authorities should adjust the interest rates by more than the change in inflation and by less than the change in the output gap. However, the monetary authorities' response to inflation is relatively weak compared to the 1.5 percent, which is recommended by the Taylor principle.
The benchmark model satisfies the Hansen's J test in terms of the validity of instruments. An insample analysis of the model does not suggest the superiority of the model with separate variables relative to the model with the composite financial index in terms of the Akaike Information Criterion. Therefore, the composite index was used in quest to be parsimonious.
The empirical models that exclude the financial index variable performed poorly compared to the reported model in terms of the Akaike Information Criterion and the lagged interest rate effect turned out to be slightly higher than the one reported here, therefore providing some support for an omitted variables problem. 2
The next step involves estimating the system of equations describing the structure of the economy that comprise equations (14), (15) and (16) together with the policy rule in Equation (11) in column (ii) of Table 2 and the results for Equations (14) through (16) are presented in Table 3 . The inflation equation failed the serial correlation test and was corrected using an autoregressive scheme with a lag of 2. The signs of the coefficients on the output gap, inflation and financial conditions equations are consistent. The coefficients of the real interest rate variable show wrong signs for the aggregate demand and the financial conditions equations (equations (14) and (16) respectively), showing a positive response of the output gap and financial conditions to an increase in real interest rate. Equations (14) and (16) monetary policy has not been effective since the onset of the financial crisis, since the interest rate has dropped to very low level.
Next, the measures of uncertainty about inflation, the output gap and financial market conditions are generated from the residuals of equations (14), (15) and (16). According to Pagan (1984) and Pagan and Ullah (1988) , the conditional variance for inflation, output and financial markets conditions are generated regressors and, as such, the estimated variances from equations (14), (15) and (16) may be biased and inconsistent measures of the true level of uncertainty if these equations are misspecified. To check this, we follow Pagan and Ullah (1988) in testing the squared residuals of the estimated GARCH models for neglected serial correlation of up to order 4. The results in Table 3 do not indicate misspecification suggesting adequate measures of the conditional heteroscedasticity. The evolution of these variables is illustrated in Figure 2 . The non certainty equivalent monetary policy reaction function described in equation (11) in the case of output growth and hence they suggest that the use of a group of asset prices, rather than individual asset price variables, may be more suitable.
The gap between the estimated and the counterfactual monetary policy described in equation (13) 
Conclusion
This paper has analysed the impact of uncertainty about the true state of the economy on monetary policy in South Africa. The empirical framework uses the structure of the economy that is described by four equations, one of which features the conditions in financial markets. There is also a strand of literature that suggests a discretionary and case by case stance, such as Conway (2000) and Greenspan (2003) . Conway (2000) also suggests a high degree of transparency because when the central bank is transparent about its operational framework, the reaction of the economic agents is likely to be consistent with the central bank's objectives.
Future research could extend the analysis to study the other forms of uncertainty, such as model or parameter uncertainty and the uncertainty about the unexpected future events, and to the use of real time data where available. Contribution of financial conditions to the interest rate gap Gap between fitted and counterfactual interest rate Fig. 3 Contributions of uncertainty to interest rate. The blue line is a replica of the gap between the fitted and counterfactual interest rates that shows the overall contribution of uncertainty about inflation, the output gap and the financial conditions to the interest rate
